For the first time, kinetic studies were made of the reactions between triphenyl phosphite 1, dialkyl acetylenedicarboxylates 2 in the presence of NH-acid, such as 3, 4-dicholoro aniline (as a protic/nucleophilic reagent) 3 for the generation of compound 4 with gauche arrangement and [(2S * , 3S * ) or (2R * , 3R * )] configuration. To determine the kinetic parameters of the reaction, monitoring was conducted using UV spectrophotometery. The second order fits were automatically drawn and the values of the second order rate constant (k 2 ) were automatically calculated using standard equations within the program. All reactions were repeated at different temperature ranges, the dependence of the second order rate constant (Ln k 2 ) and (Ln k 2 /T) on the reciprocal temperature were in good agreement with Arrhenius and Eyring equations, respectively. This provided the relevant plots to calculate the kinetic and activation parameters (Ea, ΔH # , ΔS # and ΔG # ) of all reactions. Furthermore, useful information was obtained from studying the of the effect of solvent, structure of reactants (dialkyl acetylenedicarboxylates) and also concentration of reactants on the reaction rates. The proposed mechanism was confirmed according to the obtained results and steady state approximation. The first and third steps (k 2 , k 3 ) of all reactions were recognized as rate determining and a fast steps, respectively on the basis of experimental data. Herein, theoretical calculations have been employed for the assignment of the most stable isomers ([(2S
, 3R
* )] configuration. To determine the kinetic parameters of the reaction, monitoring was conducted using UV spectrophotometery. The second order fits were automatically drawn and the values of the second order rate constant (k 2 ) were automatically calculated using standard equations within the program. All reactions were repeated at different temperature ranges, the dependence of the second order rate constant (Ln k 2 ) and (Ln k 2 /T) on the reciprocal temperature were in good agreement with Arrhenius and Eyring equations, respectively. This provided the relevant plots to calculate the kinetic and activation parameters (Ea, ΔH # , ΔS # and ΔG # ) of all reactions. Furthermore, useful information was obtained from studying the of the effect of solvent, structure of reactants (dialkyl acetylenedicarboxylates) and also concentration of reactants on the reaction rates. The proposed mechanism was confirmed according to the obtained results and steady state approximation. The first and third steps (k 2 , k 3 ) of all reactions were recognized as rate determining and a fast steps, respectively on the basis of experimental data. Herein, theoretical calculations have been employed for the assignment of the most stable isomers ([(2S * , 3S * ) or (2R such as 2-aminoethylphosphonic acid, because they are much larger, carry a high negative charge and are complexed with metals. Several compounds containing a phosphate group (e.g., inositol phosphates, nuclcotidcs) or a phosphonate group (e.g., phosphonoformatc (Foscarnct, PFA), bisphosphonatcs) are of therapeutic interest acting antiviral, anticancer and anti-HIV agents. 5 Phosphonate and Phosphate derivatives often possess interesting enzyme inhibitory activities in vitro, and consequently are considered as potential drug candidates. 6 There are several features which taken all together allow one to consider that phosphorus containing compounds, like phosphonates, are excellent candidates for low molecular weight inhibitors of peptide bond cleaving proteolytic enzymes [7] [8] [9] .Phosphonates can be synthesized using the Michaelis-Arbuzov reaction. In one study a á-aminophosphonate is prepared by condensation of benzaldehyde, aniline, and trimethyl phosphite catalyzed by Copper triflate in a one-pot synthesis. 10 In recent excellent review published by Orsini et al. 11 phosphonate and phosphinate analogues 12 of natural and non-natural aminoacids are among the most active organophosphorus inhibitors of aminopeptidases, type of proteases which selectively hydrolyze an amino acid residue from the Nterminus of proteins and peptides. They efficiently block bimetallic Zn-related aminopeptidases, i.e. leucine, alanine and methionine aminopeptidase [13] [14] [15] . The same electrostatic interaction between a negatively charged phosphonate group and the amino acid residue NH3 + , together with some hydrophobic interactions, was used in host-guest type recognition of amino acids by various calixarene derivatives 16, 17 . In recent years, an enormous research potential was addressed towards the development of novel drug delivery systems, aiming to direct the drugs where they are specifically needed and to release them in a controlled manner. Among all the new drug delivery technologies, silica-based ordered mesoporous materials are particularly attractive 18, 19 , and have found applications in bone tissue regeneration 20 . Also binary, Zr-containing mesoporous silicas were proposed as drug delivery systems 21 . Phosphonate ester and their derivatives are valuable chemical tools in probing cellular functions. 22 Many organic phosphonate ester have biological and pharmacological [23] [24] [25] attributes and some of them are used as pesticides. Some bacteria use phosphonates as a phosphorus source for growth. The phosphonates (and other phosphorus esters) can also be synthesized via transesterification reaction catalyzed by organic catalysts. N-heterocyclic carbenes have been reported to catalyze the reaction efficiently. 26 And also, chlorinated anilines such as 3,4-dichloroaniline (DCA) are intermediates in chemical synthesis as well as being metabolites of acylanilide, phenylurea, and carbamate pesticides 27, 28 . DCA can persist in the environment as insoluble residues in soil and plants and can also photodimerise to form carcinogens 29 . Consequently, DCA has been classified as a compound of environmental concern, with substantial interest in its metabolic fate in plants 30, 31 . 3,4-dichloroaniline is one of the substrates in enzyme which belongs to the family of transferases, specifically those acyltransferases transferring groups other than aminoacyl groups. 32 Herein, for the first time, we describe kinetics and a full mechanistic investigation of the reactions between triphenyl phosphite 1, dialkyl acetylenedicarboxylates 2, in the presence of a NHacid such as 3,4-dichloroaniline 3 for the generation of stable phosphonate esters 4. In fact, in recent works triphenyl phosphite has been used instead of triphenylphosphine in the previous work. [33] [34] [35] [36] [37] [38] [39] [40] [41] In addition, the product is phosphonate esters 4 not phosphorus ylides. Synthesis of compounds 4, shown in Figure 1 , has been reported earlier.
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MATERIAL AND METHODS
Dialkyl acetylenedicarboxylates, triphenyl phosphite and 3, 4-dicholoro aniline were purchased from Fluka (Buchs, Switzerland) and used without further purification. All extra pure solvents including the n-hexane and 1, 2-dichloroethane was also obtained from Merck (Darmstadt, Germany). A Cary UV/Vis spectrophotometer model Bio-300 with a 10 mm light-path quartz spectrophotometer cell was employed throughout the current work. All structures, were optimized at the HF/6-31G (d, p) 43, 44 level of theory using the Gaussian 03 45 and AIM 2000 program package 46 .
EXPERIMENTAL
To gain further insight into the reaction mechanism between triphenyl phosphite 1, dialkyl acetylenedicarboxylates 2 and 3, 4-dicholoro aniline 3 (as a protic/nucleophilic reagent) for the generation of phosphonate ester 4 ( Fig. 1) , a kinetic study of the reactions was undertaken using UV spectrophotometery technique. The relevant spectra from reaction between 1, 2 and 3 (10 -3 M concentration of each compound) in 1, 2-dicloroethane at 25°C was recorded over the wavelength range 190-400 nm. The ultra-violet spectra shown in Fig. 2 are typical.
From this, the appropriate wavelength was found to be 330 nm (corresponding mainly to product 4). Since at this wavelength, compounds 1, 2, and 3 have relatively no absorbance value, it provided the opportunity for full investigation of the kinetics of the reaction between triphenyl phosphate 1, dimethyl acetylenedicarboxylate 2 and 3, 4-dicholoro aniline 3.
The reaction kinetics was followed by plotting the UV absorbance against time at wavelength 330 nm. Figure 3 shows the absorbance change (dotted line) versus time for the 1:1:1 addition reaction between compounds 1, 2 and 3 at 25°C. The infinity absorbance (A ∞ ) that is the absorbance at reaction completion, can be obtained from Figure 3 at t =620 min. With respect to this value, zero, first or second curve fitting could be drawn automatically for the reaction by the software associated 47 with the UV instrument. Using the original experimental absorbance versus time data provided a second-order fit curve (solid line) that fits exactly with the experimental curve (dotted line) as shown in Figure 4 . Thus, the reaction between triphenyl phosphite 1, dimethyl acetylenedicarboxylate 2 and 3, 4-dicholoroaniline 3 follows second-order kinetics. The second-order rate constant (k 2 ) is then automatically calculated using a standard equation 35 within the program at 25°C. They are reported in Table 1 . Furthermore, kinetic studies were carried out using the same concentration of each reactant in the continuation of experiments with concentrations of 5×10 -3 M and 7×10 -3 M, respectively. As expected, the secondorder rate constant was independent of concentration and its value was the same as in the previous experiment. In addition, the overall order of reaction was also 2.
RESULTS AND DISCUSSION
Effect of Solvent and Temperature
To determine the effects of temperature and solvent environment change on the rate of reaction, it was elected to perform various experiments at different temperatures and solvent polarities but otherwise under the same conditions as the previous experiment. For this purpose, 1, 2-dichloroethane with 2 dielectric constant was chosen as a suitable solvent since it could not only dissolve all compounds but also did not react with them. The results (Table 1) show that the rate of reaction in each case was increased at higher temperatures. In addition, the rate of reaction between 1, 2 and 3 declined in a lower dielectric constant environment (mixture of n-hexane /1,2-dichloroethane 50:50) in comparison with a higher dielectric constant environment (1,2-dichloroethane) at all investigated temperatures (reaction 1, 2, 3). In the temperature range studied, 
Effect of Concentration
To determine the reaction order with respect to triphenyl phosphite 1 (TOPP) and dimethyl acetylenedicarboxylate 2 (DMAD), in the continuation of experiments, all kinetic studies were -2 M of 3 (Z-H) gave, separately, the same fit curve and rate constant. In fact, the experimental data indicated that the observed pseudo second order rate constant (k obs ) was equal to the second order rate constant (k 2 ), this is possible when γ is zero in equation (1) . It is appears, therefore, it appears that the reaction is zero and second order with respect to 3 (NH-acid) and the sum of 1 and 2 (α + β = 2), respectively.
To determine the reaction order with respect to dimethyl acetylenedicarboxylate 2 (DMAD), the continuation of the experiment was performed in the presence of excess of 1 (rate = k´o bs [ 
). The original experimental absorbance versus time data provides a pseudo-first-order fit curve at 330 nm, which exactly fits the experimental curve (dotted line) as shown in Fig. 6 .
As a result, since γ = 0 (as determined previously), it is reasonable to accept that the reaction is first order, (see first order fit in Figure 6 ) with respect to compound 2 (DMAD) (α =1). Because the overall order of reaction is 2 (α + β + γ =2) it is obvious that α = 1 and order of triphenyl phosphite 1 (TOPP) must be equal to one.
Based on the above results, a simplified speculative proposed reaction mechanism is presented in Fig. 8 in accord with the full reaction mechanism in Fig. 7 .
In order to determin the rate determining step of the proposed mechanism first, the rate law is written using final step for formation product. are zero and we can obtain expressions for the intermediates as follows: ... (7) The value of (5) can be replaced in equation (4) to yield equation (8) :
... (8) And with the replacement of equation (6) in (8) the following equation is obtained:
... (9) By substituting (7) in (9) equation (10) is generated:
.
..(10)
Now the value of (10) can be replaced in equation (3) to yield equation (11).
...(11)
Since equation (11) is independent of k 6 (rate constant), thus the sixth step could not be the rate determining step. Also k 5 and k 4 do not appear in equation (11), so fourth and fifth steps could not be a rate-determining step (RDS).
Furthermore, we have investigated why steps such as 4 and 5 are capable of being determining steps. The reasons are discussed in detail bellow.
If we assume that the fifth step (rate constant k 5 ) is the rate-determining step for the proposed mechanism, in this case the rate law can be expressed as follows:
... (12) The steady state assumption can be applied for obtaining the concentration of intermediates and by substituting (7) in (6) equation (13) can be expressed:
... (13) The value of (13) can be replaced in equation (5) to yield equation (14):
... (14) And with the replacement of equation (14) in (12) the following equation is obtained:
... (15) And this equation is the same as equation (11) which we had already obtained with the assumption that the rate-determining step is relative to the sixth step. Furthermore, in the fifth step the solvent with the high dielectric constant (1, 2-dichloroethane) must be able to stabilize the dipolar intermediate I 3 which has full positive and negative charges and reduces the rate of reaction. Whereas, in practice, the rate of reaction increased with presence of solvents with high dielectric constant so, the effect of the solvent in reaction showed that step five (k 5 ) couldn't be a rate-determining step.
If we assume that the fourth step (rate constant k 4 ) is the rate-determining step for the proposed mechanism, in this case, there are two ionic species to consider in the rate determining step, namely phosphonium ion (I 2 ) and 3,4 dichloro aniline ion (Z -). The phosphonium and 3,4 dichloro aniline ions, as we see in Figure 7 , have full positive and negative charges and form very powerful iondipole bonds to the 1, 2-dichloroethane, the high dielectric constant solvent. However, the transition state for the reaction between two ions carries a dispersed charge, which is divided between the attacking 3,4 dichloro aniline and the phosphonium ions. Bonding of solvent (1, 2-dichloroethane) to this dispersed charge would be much weaker than to the concentrated charges of 3,4 dichloro aniline and phosphonium ions. The solvent thus stabilize the species ions more than it does the transition state, and therefore E a is higher, slowing down the reaction. However, in practice, 1,2-dichloroethane speeds up the reaction and for this reason, the fourth step, which is independent of the change in the solvent medium, can not be the rate determining step. Furthermore, the rate law for formation of the product (fourth step) in a proposed reaction mechanism with application of the steady state assumption can be expressed by: rate =k 4 ... (16) This equation is independent of the rate constant for the fourth step (k 4 ) and shows why the fourth step would not be affected by a change in the solvent medium. In addition, it has been suggested earlier that the kinetics of ionic species ' phenomena (e.g. the fourth step) are very fast [48] [49] [50] . This step cannot be the ratedetermining step like steps 5 and 6.
As we saw in above, the fourth, fifth and sixth steps can not be RDS so in bellow, the three remaining steps (1, 2 and 3) are investigated for being the ratedetermining step.
If we assume that the third step (rate constant k 3 ) is the rate-determining step for the proposed mechanism, in this case the rate law can be expressed as follows:
... (17) The value of (7) can be replaced in equation (17) to obtain this equation:
... (18) Since it was assumed that k 3 is relevant to the rate determining step, it is reasonable to make the following assumption: k -2 >>k 3 [3] So the rate of low becomes:
... (19) The final equation indicates that the overall order of reaction is three which is not compatible with the experimental overall order of reaction (=two). In addition, according to this equation, the order of reaction with respect to 3,4 dichloro aniline 3 is one, whereas it was actually shown to be equal to zero. For this reason, it appeared that the third step is fast.
If we consider the second step as a RDS, the rate law of reaction can be expressed as follows:
... (20) With the replacement of equation (6) in (19) the following equation is obtained:
... (21) Since it was assumed that k -2 is relevant to the rate determining step, it is reasonable to make the following assumption:
So the rate of low becomes:
... (21) The final equation (21) shows that overall rate of reaction is reduced with the concentration of Z-H which is not compatible with the experimental overall rate of reaction. In fact, it was practically independent of the concentration of Z-H (3) and was actually shown to be equal to zero. For this reason, it appeared that the second step (k -2 ) is fast, and cannot be a RDS.
And also if we assume that the first step (rate constant k 3 ) is the rate-determining step for the proposed mechanism, in this case the rate law can be expressed as follows:
... (22) The rate law of the reaction depends on two reactants (triphenyl phosphite 1 and dialkyl acetylenedicarboxylate 2), which as we see in Fig.  7 , have no charge and could not form strong iondipole bonds to the high dielectric constant solvent, 1,2-dichloroethane. However, the transition state carries a dispersed charge which here is divided between the attacking 1 and 2, hence; bonding of solvent to this dispersed charge is much stronger than the reactants, which lack charge. The solvent thus stabilizes the transition state more than it does the reactants and, therefore, E a is reduced which speeds up the reaction. Our experimental results show that the solvent with a higher dielectric constant exerts a powerful effect on the rate of reaction (in fact, the first step has rate constant k 2 in the proposed mechanism) but the opposite occurs with the solvent of lower dielectric constant (see Table 1 ). Also this equation indicates that the overall order of reaction is two and it depends on the concentration of compounds 1 and 2 and is independent of the concentration of compound 3. In addition, according to this equation, the order of reaction with respect to TOPP, DMAD and N-H is 1, 1 and zero, respectively.
The results of the current work (effects of solvent and concentration of compounds) have provided useful evidences for steps 1 (k 2 ), 2 (k -2 ), 3 (k 3 ), 4 (k 4 ), 5 (k 5 ) and 6 (k 6 ) of the reactions between triphenyl phosphite 1, dialkyl acetylenedi carboxylate 2 and 2-fluro aniline 3. fifth steps involving 2, 3, 4, 5 and 6 are not the rate determining step, although the discussed effects, taken altogether, are compatible with the first step (k 2 ) of the proposed mechanism and would allow it to be the rate-determining step. However, a good kinetic description of the experimental result using a mechanistic scheme based upon the steady state approximation for the generation of equation is frequently taken as evidence of its validity. With respect to equation 15 and the experimental results the first step (k 2 ) is a RDS and the third step (k 3 ) is a fast step so the following assumption is possible for k in relation to equation 15: This equation which was obtained from a mechanistic scheme (shown in Fig. 8) is compatible with the results obtained by UV spectrophotometery (equation 22) . With respect to equation (22) that is the overall reaction rate, the activation parameters involving ΔG # , ΔS # and ΔH # can now be calculated for the first step (rate determining step, k 2 ), as an elementary reaction, on the basis of the Eyring equation. The results are reported in Table 2 .
Further kinetic investigations
To confirm the above observations, further experiments were performed with di-tert-buthyl acetylenedicarboxylate (DTAD) 2b, under the same conditions used in the previous experiments. The values of the second-order rate constant (k 2 ) for the reaction between 1, 2b (DTAD) and 3 was practically unobtainable. It seems that both inductive and steric factors for the bulky alkyl groups in 2b (DTAD) extremely tend to reduce the overall reaction rate (see equation 22) . In the case of dimetyl acetylenedicarboxylate 2 (DMAD), the lower steric and inductive effects of the dimethyl groups exert a powerful effect on the rate of reaction. In addition, the rate of reaction in the presence of triphenyl phosphite in the recent reaction was also reduced in relation to triphenylephosphine in the previous reaction 26 . The results are accumulated in Table 3 , it seems that more stronger nucleophile such as triphenylphosphine cause a high acceleration in the rate of reaction in comparison with the weaker nucleophile (triphenyl phosphite).
Theoretical calculation
High stereo selective synthesis of phosphonate ester has previously shown that compound 4 has a gauche arrangement with [ 46 . In recent years, AIM theory has often been applied in the analysis of H bonds. In this theory, the topological properties of the electron density distribution are derived from the gradient vector field of the electron density ∇ρ(r) and on the Laplacian of the electron density ∇ The values of the charge density and its Laplacian at these critical points give useful information regarding the strength of the H bonds 46 . The range of ρ(r) and ∇ 2 ρ(r) are 0. Fig. 9 (dotted lines) .
The electron densities (ρ) ×10 3 , Laplacian of electron density ∇ 2 ρ(r) ×10 3 , and energetic density -H(r) ×10 4 are also reported in Table 5 .
A negative total energy density at the BCP reflects a dominance of potential energy density, which is the consequence of an accumulated stabilizing electronic charge 55 .The most important geometrical parameters involving some H bonds (bond length and their relevant bond angle) are reported in Table 6 . Table 5 ). These HBs show ∇ 2 r(r) > 0 and H(r) < 0, which according to the classification of Rozas et al 56 . by NMR calculations at the mentioned level. The total spin-spin coupling constant is the sum of four components: the paramagnetic spin-orbit (PSO), diamagnetic spin-orbit (DSO), Fermi-contact (FC), and spin-dipole (SD) terms. The value of chemical shifts (δ) and coupling constants (J x-y ) are reported in Tables 8 and 9 . As can be seen, there is a good agreement between both the experimental and theoretical chemical shifts (δ) and coupling constants (J x-y ). In the present work, molecular structures of phosphonate ester 4 involving four large atoms such as Chloro, Phosphorus, Oxygen and Nitrogen atoms are huge, with a large number of other atoms (C, H); for this reason, a basis set higher than HF/6-31G(d,p) is impossible for obtaining more accurate calculations in a higher performance. This limitation causes a difference between both the experimental and theoretical coupling constants and chemical shifts data in some functional groups.
CONCLUSION
Kinetic investigation of recent reactions was undertaken using UV spectrophotometry. The results can be summarized as follow¹: the appropriate wavelengths and concentrations were determined to follow the reaction kinetics 2 . The overall reaction order followed second-order kinetics and the reaction orders with respect to triphenyl phosphite1, dialkyl acetylenedi carboxylate 2 and 2-fluro aniline 3 were one, one and zero, respectively 3 . The values of the secondorder rate constants of all reactions were calculated successfully at all solvents and tempratures investigated 4 the rates of all reactions were accelerated at higher temperatures. The activation energy for the reaction with dimethyl acetylenedicarboxylate 2 (78.4 kJ.mol -1 ) in 1, 2-dichloroethane. In fact, the rate of reaction in the presence of triphenyl phosphite is much slower in comparison with those ylides that generated from triphenylphosphine. 5 The rates of all reactions were increased in solvents with higher dielectric constant and this can be related to differences in stabilization by the solvent of the reactants and the activated complex in the transition state 6 . Increased steric bulk in the alkyl groups of the dialkyl acetylenedicarboxylates, accompanied by the correspondingly greater inductive effect, reduced the overall reaction rate 7 . With respect to the experimental data, the first step of the proposed mechanism was recognized as a rate-determining step (k 2 ) and this was confirmed based upon the steady-state approximation 8 . Also, the third step was identified as a fast step (k 3 ) 9 . 
